Abstract. The rich species pool in semi-natural grasslands is associated with high spatial and temporal heterogeneity. This empirical study is one of the first to jointly analyze the response of orders, individual species and functional richness of arthropods to particular management practices and to linear landscape features, such as strips of grass and belts of trees. Mostly it was the less mobile, flightless taxa that were negatively affected by immediate disturbance caused by mowing. At a larger time-scale, grasslands managed by mowing once every year, and especially by a combined regime of mowing and grazing, supported the highest species richness of butterflies and beetles. Most functional diversity measures reached maximum values soon after mowing. Both strips of grass and belts of trees substantially affected the invertebrate community structure as the majority of taxa were positively associated with these linear features. Based on our results, we propose postponing mowing to later in the year, mowing in gradual stages, maintaining uncut strips primarily along permanent landscape features and establishing both strips of grass and belts of trees in submontane grassland environments.
IntroductIon
A substantial proportion of the Central European biodiversity occurs in semi-natural grasslands. Existence of this widespread type of open habitat is dependent on disturbance, which prevents succession towards forest. Nonforest areas were traditionally maintained by grazing and hay-making (Duffey et al., 1974) . Both types of land use differed in terms of intensity of use, which often fluctuated in space and time, creating a wide spectrum of microhabitats and promoting high species richness and diversity (Benton et al., 2003; Davies et al., 2005) . The 20th century brought two interrelated trends, both of which led to the loss of spatial and temporal heterogeneity. This resulted in a depletion of originally diverse communities of grasslands. Former meadows and pastures were either transformed into consolidated blocks of arable land and productive grasslands, or were abandoned and gradually overgrown by forest (Stoate at al., 2001 (Stoate at al., , 2009 Robinson & Sutherland, 2002) . Currently, over 50% of the earlier extent of grasslands has been lost in the Czech Republic (Skaloš, 2006) . Not only the loss of area but also structural changes (Skaloš et al., 2011) in the remaining or even newly formed grasslands may be the reason for the noticeable decline in diversity (Benton et al., 2003; Holuša, 2012) . Persistent fragments of former grasslands are mainly merged into blocks of land that are on average 5-10 times larger than half a century ago (Plesník & Staňková 2001) . Former hedgerows, buffer strips of grass and trees, important elements of spatial heterogeneity, were lost during the collectivisation of land that culminated in the 1970s and 1980s (Konvicka et al., 2008) . Temporal heterogeneity rapidly declines as modern hay harvesting machinery removes grass from extensive areas in a very short time span (Cizek et al., 2012; Buri et al., 2014) . Despite the above, semi-natural grasslands still play a key role in the preservation of a considerable part of non-forest biodiversity associated with the cultural landscape in Europe (Poschlod & WallisDeVries, 2002; Woodcock et al., 2005; Baur et al., 2006) .
In this study we evaluate the association of invertebrate communities in submontane meadows and pastures in the Czech Republic with agricultural management and local landscape structure. There is an extensive literature on the association of particular taxa of invertebrates with mowing, grazing and landscape structure (e.g., Schmidt et al., 2005; Ekroos et al., 2010; Humbert et al., 2010) . However, studies on the complex effect of often combined management practises and landscape complexity on real farmland conditions are noticeably scarcer. The majority of these studies are on one or a few taxonomic groups, not on the whole range of arthropod taxa (but see Kruess & Tscharntke, 2002; Debano, 2006; Sjödin et al., 2008; Cizek et al., 2012) . Moreover, relatively little is known about the functional consequences of agricultural management. Functional diversity (FD) can be defined as the range, dispersion, and relative abundance of functional traits of organisms in a given ecosystem (Mouchet et al., 2010) . As the consensus is that high diversity (functional diversity included) ensures more complex ecosystem services (e.g., plus commercial detergent). They were placed on the ground and the surrounding vegetation was cut and removed in a circle (d = 1 m) around the trap to avoid shading and biased sampling. The YPWT were operated from the end of May until the end of August in the first season of the investigation (2009) and from the 3 rd week of June until the penultimate week of September in the second year (2010) . We had to postpone the first date of sampling due to unfavourable weather conditions in the spring of 2010. The samples were collected at approximately ten-day intervals, ten times during each field season. Each sample was preserved in 95% ethanol. All specimens were sorted to orders and counted. Butterflies, bumblebees and beetles were identified to species, except the small herbivorous beetles, which were identified to family level (mostly Mordellidae, Nitidulidae, some representatives of Chrysomelidae). These specimens were only included in the analyses at the level of orders. The nomenclature followed the Fauna Europaea database (version 2.5.; http://www.faunaeur. org.).
Sampling design
We studied four types of grassland management: (i) mowing, (ii) cattle grazing, (iii) combination of mowing and grazing and (iv) "no management" during the vegetation season (N). These treatments were carried out for at least five consecutive years. Moreover, we focused on the actual effect of cutting and grazing on arthropods. Grazing intensity was lower than 1 cow/ha (specifically in the grazed patches it was 0.82 and 0.84 cows/ha). The meadows were not fertilized and were cut once a year using a roller mower without conditioner (cutting height 6 cm). In the first year of the study (2009), the meadows were mown in the first week of July. In the second year, the area was mown gradually in six steps between 29 th of June 2010 and the 25 th of August 2010. The cattle grazing started in mid-June and lasted for 30 days. The sites subjected to both mowing and grazing were mown earlier, in the first week of July, and then grazed for approximately one month from the last week of August to the last week of September. At the "no management" patches the vegetation cover was left uncut and was not grazed throughout the vegetation period (but was mown in late autumn).
The design of the survey consisted of 12 patches of grassland arranged in three units each of which included the four management treatments (Fig. 1) .
The patches were situated on plains or gentle slopes. The study plots selected were at similar altitudes (from 750 to 780 m a.s.l.) and inclinations. Average size of the patches was 2.38 ha (the smallest covered an area of 1.16 ha, the largest 4.81 ha). All the Cadott et al., 2011; Isbell et al., 2011) we included FD in our study.
We evaluated the association of the community structure of invertebrates with various types of grassland management, with particular reference to both the immediate effects of mowing and grazing and the long-term effects of each management treatment. Additionally, we focused on the effect of local landscape structures (i.e., strips of grass and belts of trees and shrubs). Arthropod communities were investigated at two taxonomic levels: (i) number of individuals belonging to each of the orders, and (ii) abundance of beetles (Coleoptera), butterflies and burnet moths (zygaenidae) of lepidoptera, and bumblebees of Hymenoptera.
MAterIAl And MethodS

Study area
This study was carried out in a submontane area (ca. 750-800 m a.s.l.) in the Hrubý Jeseník Mts, in the north-eastern part of the Czech Republic. The permanent grassland (50°6´39˝N, 17°3´14˝E) close to the village Nové Losiny is almost completely surrounded by extensive forest and covers an area of about 180 ha. The research area was situated in the eastern, more heterogeneous and better preserved part of this grassland complex (80 ha), with semi-natural hay meadows and pastures managed as part of the Czech agri-environmental scheme (AES) for at least 5 years ( Fig. 1) . units of land are usually bounded by strips of grass or belts of trees.
Arthropods studied
We investigated the effects of agricultural management and local landscape structure on arthropods. First, we recorded the numbers of individuals in all the invertebrate orders that were abundant in the samples. This required less time and effort (Andersen, 1995) but, nevertheless, provided an indication of the responses of the whole community to environmental change (i.e., management). Recent studies indicate that taxonomic diversity determined on the basis of the proportion of the different orders in a community can be used to indicate environmental changes (e.g., Biaggini et al., 2007; Tanabe et al., 2008) .
Second, we focused in detail on three groups of insects with different life histories, all of which are often used as models in conservation studies. Butterflies and burnet moths (Zygaenidae), bumblebees and cuckoo-bees of the subgenus Psithyrus (sensu Cameron et al., 2007) and Coleoptera. All three groups are viewed as important bioindicators of treeless habitats. Since these groups differ in their life histories and occupy different functional niches they may respond differently to various management practices as well as other habitat characteristics.
Sampling method
We used yellow pan water traps (YPWT; Moericke, 1951) deployed along transects across all patches. Although YPWT are generally used for sampling flower-visiting insects (Kuras et al., 2000; Monsevičius, 2004; Campbell & Hanula, 2007; Wilson et al., 2008) they provide a standardized method of sampling mainly flying insects at different sites (Wilson et al., 2008) . Moreover, previous studies successfully used this method for other guilds of invertebrates, e.g., Homoptera (Mochida & Suryana, 1976; Boiteau, 1990) , Araneae (Blades & Marshall, 1994) , orthoptera (Evans & Bailey, 1993) and Coleoptera (leksono et al., 2005) . The YPWT were plastic bowls 15 cm in diameter and 8 cm deep filled with a preserving liquid (water solution of sodium chloride patches were delimited by distinct boundaries -belts of trees, forest edges or strips of grass. We distinguished two types of boundaries: strips of grass and belts of trees. The strips of grass were perennial treeless strips (width 5-10 m) and belts of trees were strips with mature trees that provided shade (width 10-15 m).
Transects ran from one edge of a particular patch (formed either by strip of grass or belt of trees) towards another edge. The distance between traps was 20-25 m. There were a total of 35 traps in the mowed patches, 11 in the grazed patches and 13 in the patches subjected to a combination of grazing and mowing. There were 21 traps in patches that were not managed during the vegetation season and 8 traps in the linear boundaries to the patches (i.e., strips of grass or belts of trees). The number of traps in each patch of a particular management treatment corresponded to the area of the patches subject to that particular treatment.
data arrangement
We first studied the community structure of grassland invertebrates associated with the different grazing and mowing treatments. The explanatory variables were mowing and grazing, both of them tested in interaction with time (to control for seasonality). Mowing was coded as an ordinal variable on the following scale: 1, 0.5, 0.25, 0, which corresponds to the gradual restoration of the sward after disturbance. Immediately after mowing the value was 1, gradually decreasing in the following 10-days periods (0.5; 0.25), reaching zero (0) after 30 days from the date of mowing. We defined these values based the time the sward took to recover after treatment, which was recorded during regular fieldwork. The factor grazing was a binary variable, as grazing intensity was low and equal at all sites. Time was individually coded for each collection date as the number of days since the beginning of the year. Replication units for these analyses were the samples for each collection date (a total of 20 collections, 10 for each of the two seasons of this study) pooled for each of the 12 patches.
We then focused on long-term effects of four types of management (i.e., mowing, grazing, both treatments, no management during the vegetation season) on the number of species and orders recorded on the areas subjected to the different treatments. These were investigated by comparing the rarefaction curves of the four management treatments. In this case, all the samples collected for particular management sites were pooled.
Finally, the effect of the two linear landscape structures was assessed using ordination. The distances in metres from the nearest strip of grass and belt of trees were individually recorded for each YPWT. Therefore, the replication unit was each trap (i.e., all the samples from a particular trap collected during the experimental period were pooled).
The response variables used in the ordination analyses and GlM were (i) number of individuals belonging to each order of invertebrates and (ii) number of individuals of each species belonging to the three targeted groups. Pooled numbers of representatives either of orders or of species within the three groups was used for the construction of rarefaction curves.
To remove negative effect of possible confounding factors on the trap samples we used abundance of flowers and degree of shading as covariables in all partial ordination analyses. We recorded the abundance of flowers for each trap during the regular collection of samples, obtaining four values according to the estimated number of flowers within a 5 m diameter circle around a trap. The categories of abundance were: < 10 flowers (1), 10-100 fl. (2), 100-1000 fl. (3), > 1000 fl. (4). There were three categories of shading based on the distance of each trap from a belt of trees, from low (1) through medium (2) to high (3). In addition, the distances from each type of linear element were included as covariables in the analyses of the effect of management, and management was included as covariable when determining the role of local landscape structure. All covariables were selected using forward selection.
Functional diversity analyses
We calculated functional diversity (FD) using indices of the three fundamental components of FD (sensu Mason et al., 2005; Mouchet et al., 2010) : (a) Functional richness -which indicates the amount of functional space occupied by a species of a given assemblage; (b) Functional evenness -which describes how regularly species abundances are distributed in functional space. (c) Functional divergence -which defines how far high species abundances extend from the centre of functional space (Mouchet et al., 2010) . We analyzed the FD of the beetle community in relation to mowing only, since the previous GlM revealed very weak responses to grazing (see Table 1 ). The other two groups were excluded from these analyses as their representatives are too similar to each other in terms of the functional traits measured (e.g., all bumblebees are comparable in flight ability, both their larvae and imagoes feed on nectar and pollen; all butterflies consume nectar and their caterpillars are herbivores).
For the calculation of FD we selected the following species traits: trophic group, habitat association and mobility of imagoes (see Appendix 1). Species feeding on nectar and pollen were classified as "nectarivores", those depending predominantly on living plant tissues were categorized as "herbivores" whereas those consuming mainly dead plant litter and/or faeces were categorized as "saprophagous". The category "necrophagous" included mainly carrion-feeding species and "omnivores" species feeding on a broad spectrum of different kinds of food. Moreover, species were divided into 4 groups according to their prevailing occurrence in particular habitats: forest, open habitats, ecotones, mosaic landscapes and euryoecious species (i.e., habitat generalists). Finally, mobility was scaled as: 1 -low (local, sedentary species including all brachypterous beetles), 2 -high (vagile macropterous species, migrants). These functional traits were selected because they characterize a species interaction with and exploitation of an ecosystem. The species-specific characteristics were obtained from: Balthasar (1956) , Tesař (1957) , Smreczyński (1965 Smreczyński ( , 1966 Smreczyński ( , 1968 Smreczyński ( , 1972 , Freude et al. (1966 ), Warcha lowski (1971 , 1973 , Read (1977) , Thiele (1977) , Šustek (1981) , Berge Henegouwen (1986), Lindroth (1992) , Sláma (1998) (2013) and Miquel & Vasko (2014) .
Using species-specific features and the abundance of each species in a sample we calculated the functional richness, evenness and divergence (function dbFD, FD package in R). These indices were calculated for all traps in areas with the same level of "mowing effect" (i.e., 1-0.5-0.25-0, as the effect of mowing decreased over time) pooled together. using the same pooled data we constructed regression models of functional groups and their associations with mowing. Associations of the species richness of each functional group with a particular level of mowing was divided by the total species richness of a given functional group at all levels of mowing. This should standardize the final values of species richness among the different functional groups to a particular level of mowing. Square root transformation was used to normalize the distribution of the residuals.
Statistical analyses
We used ordination to investigate the association of invertebrate community structure with the different management measures and landscape components. ordination analyses were conducted using CANoCo (version 4.5.); the length of the gradients in species data was determined either by canonical correspondence analysis (CCA; the longest gradient > 4) or redundancy analysis (RDA; the longest gradient < 3) (sensu Ter Braak & Šmilauer, 2002) . These were computed in order to relate gradients in species composition and abundances to external predictors and determine the importance of these predictors. Data on abundances of individuals of the species/orders were log-transformed. We tested the models using the Monte-Carlo permutation test (2000 permutations with split-plot design restricted to linear transects with the aim to ensure an independence of repeated collections from the same traps). Forward selection was used to test environmental variables. The interactions of the explanatory variables mowing and grazing over time were tested. Covariates included time, flower abundance and degree of shading and were selected also by forward selection.
Furthermore, generalized linear models (GlM) with Poisson distributions were used to assess the effect of a particular factor (i.e., "mowing", "strips of grass" and "belts of trees") on the abundance of particular orders and abundances of the species in the targeted groups. In the FD analyses, the relationship between the representation of a particular ecological trait or FD as response variables and the effect of mowing were determined using a generalized linear model with a Gaussian error distribution and log link function. Standard errors were corrected using the quasilikelihood function. Effects of each explanatory variable were tested also using its quadratic transformation.
Step-wise selection based on the lowest Akaike information criterion (AIC) was used to choose the best transformation function for each explanatory variable. We used an F-test to determine the significance of each variable since it is a robust test for over-dispersed data.
Rarefaction curves were constructed to show how species richness or number of orders changes at the sites managed for at least 5 consecutive years using different treatments. Function rarefy (part of the vegan package in R software) computed the expected species richness, or number of orders, and their standard error in random subsamples of a particular sample size.
Data were analyzed using Canoco, v. 4.5 (Ter Braak & Šmilauer, 2002) and R software (R Development Core Team, 2011) .
reSultS
The total number of individuals collected was 134,411, consisting of 16 orders of insects and four taxa of other arthropods. We included the following orders in the analyses, with the total number of individuals sampled in parentheses: Araneae (3,779), Coleoptera (6,342), Collembola (243), Dermaptera (1,093), Diptera (78,023), Ephemeroptera (449), Hemiptera (20,969), Hymenoptera (9,644), lepidoptera (3,119), Mecoptera (4,699), Neuroptera (118), opilionida (1,967), orthoptera (2,476) and Thysanoptera (1,271). other taxa (i.e., Acari, Blattodea, odonata, Plecoptera, Psocoptera and Trichoptera) were not included be- Only the orders with a total abundance >100 individuals were included in this analysis. table 1. Immediate associations of invertebrate taxa to mowing and grazing predicted by GlM (with pooled numbers of individuals within taxa as dependent variables and two management treatments, mowing and grazing, as explanatory variables). Taxa were categorized on the basis of their mobility. Highly mobile taxa included were mostly the species that can fly and the less mobile group included mainly wingless taxa. The P-values of the factors that are significantly associated with particular taxa are in bold.
Dispersal taxon Mowing Grazing
Regression coefficient cause fewer than 100 individuals were collected, which indicates an accidental occurrence of these taxa.
Associations with different management practices
The associations of different taxonomic levels, orders and species, with the different types of management were determined. The effect of management was also studied at two different time scales, immediately after a particular type of management in a given year, and for each of the four management treatments that have operated for at least five years.
Immediate effects of managing grassland Fig. 2 shows the results of the ordination analysis of the immediate effect on the abundances of particular taxa of two management practices tested in interaction with time. The structure of the arthropod communities at the study sites that were mown and grazed differed (Table 1) , with a significant effect of time*mowing (F = 12.80, P = 0.022). The gradient along the horizontal canonical axis corresponds to the mobility of the taxa (Fig. 2) . The most mobile taxa are mainly on the right hand side of the diagram (Diptera, lepidoptera, Hemiptera and Coleoptera), whereas the wingless surface-active groups are on the left hand side (opilionida, Araneae and Collembola). Additional GlM analyses supported the hypothesis that more mobile taxa, such as Mecoptera and Neuroptera, might not be greatly affected by disturbance due to either mowing or grazing. other mobile groups such as Diptera, Coleoptera and Hymenoptera may even be found in higher numbers in samples collected from cut sward (Table 1) . In contrast, more sedentary, flightless taxa (Collembola, Opilionida, Dermaptera) significantly tended to be collected mainly in plots with undisturbed vegetation (Table 1) . None of arthropod taxa were significantly associated with cattle grazing (Table 1) .
Subsequently, we analyzed the associations with both mowing and grazing in interaction with time at the species level using RDA (Fig. 3) . Similar to the previous analysis, the structure of the insect community was significantly associated with time*mowing (F = 2.41, P = 0.001), whereas the association of species abundances with time*grazing was weak and inconclusive (F = 0.97, P = 0.502). Interestingly, the majority of species seemed to benefit from mowing (Fig. 3, Table 2 ).
As the previous analyses revealed that the community structure of arthropods was associated with the recent mowing event, we included it as the main factor in the analyses of functional diversity of beetles. our results revealed a significant increase in functional divergence at recently mowed sites compared to places with tall grass (F = 5.88, P = 0.026). unlike functional divergence, functional evenness and richness did not change significantly along the gradient of mowing (F = 0.00, P = 0.9795; F = 3.48, P = 0.059).
Furthermore, we analyzed the changes in the proportion of particular functional groups of beetles with increase in the intensity of mowing. Forest species were negatively associated with mowing (P < 0.001). In contrast, species associated with open habitats were more abundant in medium-grown swards than in full-grown and recently mown vegetation (P = 0.002) (Fig. 4a) . Mowing is associated with a decrease in the number of herbivorous taxa in samples (P < 0.001), whereas that of nectarivores increased (P < 0.001) (Fig. 4b) .
Effects of long-term management
Rarefaction curves showed that the number of orders and bumblebee species did not differ substantially in the different management treatments, but the lowest number of beetle and butterfly species were recorded in grazed patches and those not managed. In contrast, the maximum species richness of both groups was recorded at sites that were either mown or mown and grazed (Fig. 5) .
the role of linear landscape features
The final aim of our study was to determine the association of the community structure of arthropods with linear landscape features, such as strips of grass and belts of trees (see above). Therefore, we first constructed a GLM based on an ordination of the numbers of representatives of all the orders as a response variable. This revealed significant associations for the majority of the groups investigated, which were mainly positively associated with both belts of trees and strips of grass, in other words, the abundances of most orders increased the closer they were collected to either of these linear landscape features (Table 3) .
Second, we concentrated on the association of the abundances of particular species of the targeted groups with belts of trees and strips of grass. Whereas the majority of butterfly species tended to be most abundant close to both types of boundaries, many species of beetles increased in numbers towards the centre of meadows. The associations of species of bumblebees were mixed (Figs 6a, b, c) .
dIScuSSIon And concluSIonS
Associations with grassland management our results have shown that although the associations of the different taxa of grassland arthropods with grassland management differed, there is a general pattern (Fig. 2) . Less mobile groups, especially those unable to fly, such as opilionida, Collembola and Araneae, were negatively associated with mown areas (Fig. 2, Table 1 ). These groups might be strongly affected by mowing because of its direct effect on their survival (Humbert et al., 2010 (Humbert et al., , 2012 and the quality of the habitat, due to their limited mobility compared to winged groups. In contrast, the abundance of some highly mobile groups (Coleoptera, Diptera, and lepidoptera) tended to increase in cut areas (Fig. 2, Table  1 ). This trend was apparent also at the species-level (Fig.  3, Table 2 ) as all taxa assessed belong to winged groups, with only a few exceptions in the Coleoptera (e.g., some Carabidae and Curculionidae). We suggest the following explanations for this trend:
First, mowing immediately depletes the majority of the food sources (Cizek et al., 2012) . Simultaneously, the taxa that showed a positive association with mowing belonged mainly to groups consisting of highly mobile species. A depleted food supply may drive the mobile species to seek more suitable patches with plentiful resources (Hossain et al., 2002) . Due to an increase in movements within the area the probability of "being caught" may increase.
Second, the attractiveness of YPWT probably increases after the removal of flowering plants (Wilson et al., 2008 ). This explanation is also supported by the results of the functional trait analysis, which revealed a significant increase in the species richness of nectarophagous beetles at recently mown, i.e., flowerless sites (Fig. 4b) . In contrast, the total species richness of herbivorous beetles significantly decreased (Fig. 4b) , which is a consequence of the removal of their source of food. For example, the numbers of imagoes of the abundant scarab beetle, Phyllopertha horticola, which feeds mainly on fully-grown vegetation or even shrubs and trees (Bogatko, 1990) , decreased at mown sites ( Table 2) .
The association of species in the target groups with recent mowing is not consistent. Many of the species responded positively to mowing (Table 2 ). This might be a methodical artefact as the majority of these species are good dispersers.
unlike mowing, grazing did not have an immediate effect on any of the arthropod taxa (Fig. 2, Table 1 ). Concurring with Batáry et al. (2007 Batáry et al. ( , 2008 , we highlight the role of different grazing pressures on the composition of insect communities. As the grazing intensity in our plots was only 0.82 to 0.84 cows / ha, it is likely that this low intensity grazing accounts for the non-significant trends (e.g., a negative association of Araneae and Hymenoptera with grazing -see Table 1 ). Seemingly positive association of the dung beetle Aphodius depressus (Fig. 3) with grazing is most likely due the presence of fresh cattle faeces than a direct effect of grazing on vegetation (Hanski et al., 1987) . 
long-term effects of management
We investigated the effects of four types of management (mowed plots, grazed plots, combination of both and no management during the vegetation period until the end of September) using rarefaction curves. These were constructed in order to determine if there is an association between species richness and number of orders present and type of management at each site. The highest species richness of butterflies and beetles was associated with mowing, especially combined with grazing. In contrast, the lowest number of butterfly species was recorded at patches managed by a single grazing regime, followed by patches not managed during the vegetative season. Although the effects of grazing and absence of management were indistinguishable in terms of beetles, both of these treatments are similarly associated with low numbers of species (Fig.  5) . We stress that a comparatively higher number of species of beetles and butterflies is associated with the combined regime of mowing and grazing than grazing alone (Fig. 5) . our explanation for this trend is that the intensity of grazing at the sites was very low (0.82 and 0.84 cattle/ ha). Cattle did not graze the whole area, thus many patches of vegetation were ungrazed. This may have resulted in a slow change in plant composition (Matějková et al., 2003) towards lower numbers of competitive species, which affected the invertebrate communities. Such a trend might not be seen for years after implementing this treatment. In accordance with this interpretation are the results of the rarefaction for sites subjected to both grazing and cutting in each season. Higher numbers of species were associated with this treatment than just grazing. under a low grazing pressure, competitive plants (i.e., mainly grasses), which benefit from low intensity grazing are probably suppressed by mowing. This may ensure more diversified vegetation and also more heterogeneous arthropod communities than those found at grazed sites.
Comparable suitability of mowing from a long-term point of view can be interpreted as follows: Most of the individuals collected belonged to species associated with treeless habitats, which are strongly dependent on disturbance of natural succession resulting in the formation of forest (Konvicka et al., 2008) . low intensity mowing, i.e., once per annum, varied in time and space, is a suitable long-term type of management (Rundlof et al., 2008; Cizek et al., 2012) . Although mowing immediately decreases the abundance of insects, (Humbert et al., 2009 (Humbert et al., , 2010 it is nevertheless a reliable means of suppressing both trees and competitive species of plants, which are often dominant grasses (Gibson, 2009 ). This results in the increase in the diversity of plants, including flowering dicotyledons, which together with the diverse architecture of the plants (Strong et al., 1984; Haysome & Coulson, 1998; Espírito-Santo et al., 2007) probably support a greater diversity of various guilds of insects (Hutchinson, 1959; Knop et al., 1999) . In other words, grassland invertebrates must be adapted to disturbance, which is consistent with the results of the partial analysis of functional diversity based on the habitat associations of the species. Mowing supported a single functional group, open habitat species, although they only reached peak abundances after partial recovery of the swards (Fig. 4a) .
Association with particular linear landscape features
We determined the association of arthropod communities in sub-montane grasslands with two linear landscape features, strips of grass and belts of trees. Based on the GlM the majority of higher taxa tended to occur in higher numbers close to both types of boundaries (Table 3) , where there may be specific microclimates and sheltered environments for these animals (Maudsley, 2000; Merckx et al., 2009) . In contrast, the abundance of beetles and spiders was significantly higher in the centre of the meadows, i.e., furthest from both types of boundary (Table 3 ). This might be attributed to the trends of the most abundant species being for species that belong to the groups closely associated with open habitats [e.g., beetles: Anthaxia spp., Eschcholtz, 1829; Rhagonycha spp., Eschcholtz, 1830; Oxythyrea fu nesta -see Fig. 6c and spiders, for instance Xysticus spp., C.l. Koch, 1835; Pachygnatha degeeri, Sundevall, 1830; Pardosa palustris (linnaeus, 1758)].
Finally, GlM were used to determine the associations of individual species of lepidoptera, bumblebees and beetles (Figs 6a, b and c). lepidoptera were strongly and positively associated with both strips of grass and belts of trees at the species level. The majority of butterfly species were recorded close to these linear features, including typical grassland dwellers, such as ringlets Maniola jurtina and Aphantopus hyperanthus (cf. Kulfan et al., 2012) , coppers Lycaena virgaureae and L. hippothoe and the skipper Hes peria comma (Fig. 6a) . Such a clear association might be interpreted as a consequence of the environment near to the edges being more sheltered with tall vegetation compared to the regularly disturbed area of the meadows (Merckx et al., 2009 ). lepidoptera may shelter there from the wind or as a refuge from predation (Merckx et al., 2010) . linear landscape features may also serve as corridors for many species, including butterflies (Davies & Pullin, 2007) and, finally, an ecotone may be an important refuge where multiple habitats meet (e.g., Downie et al., 1996; Ewers & Didham, 2006; Vu, 2009) .
In contrast, bumblebees were not associated with strips of grass (see Table 2 ). This may be due to the fact that bumblebees are able to fly even in unfavourable conditions (Goulson, 2010), i.e., low temperatures, windy and even rainy weather, thus they do not need as much shelter as butterflies. Alternatively, this trend may reflect individual demands of each species for nesting sites and flowers as sources of nectar and pollen (Connop et al., 2010) , which might account for the trends in the abundance of particular species (Fig. 6b) .
conservation summary
This study was carried out in a submontane treeless area managed for at least five years by the Czech AES. The grasslands at this study site are lightly grazed and cautiously mown. The farmer adopted some of the above-standard measures of the Czech AES (i.e., gradual mowing of par- ticular blocks and strips left uncut for the whole vegetation season). Despite this purportedly benign agricultural management, we recorded significant associations with mowing. over a short time-scale, the less mobile taxa, which are unable to fly, were negatively associated with mowing. In contrast, in the long-term the highest species richness of butterflies and beetles was associated with mowing once per year, especially when combined with grazing. In addition, the structure of the arthropod communities was substantially associated with both types of boundaries, i.e., strips of grass and narrow belts of trees. The majority of the groups studied were positively associated with these linear features. Therefore, based on our results and the findings of other recent studies (e.g., Merckx et al., 2009 Merckx et al., , 2010 Fabriciusová et al., 2011; Cizek et al., 2012; Humbert et al., 2012; etc.) we recommend:
(i) As the time of mowing was an important determinant of the presence of certain grassland invertebrates in the short-term, we emphasize the key role of the timing of this treatment. The maximum abundances of invertebrates were recorded in July, this therefore is the worst time to mow similar sub-montane meadows. Nevertheless, we sampled mainly only adults. Therefore, immobile larval stages (usually more sensitive to disturbances caused by mowing and grazing) are most abundant earlier in the season. Thus we recommend postponement of mowing to the second half of July. Moreover, the whole area should not be mown at the same time but in two stages to ensure that only half of the sward is disturbed at each mowing;
(ii) In addition, uncut strips left until the beginning of the next vegetation season may help mitigate the negative effects of mowing;
(iii) Most of the grassland arthropods may be associated with these strips if they are located along permanent landscape features such as grass strips and belts of trees. In addition, the association with boundaries were generally positive, possibly due to the greater heterogeneity of vegetation there (Hansen & Castri, 1992) ; (iv) The establishment of linear landscape features such as belts of trees and strips of permanent grass can substantially increase the biological value of agroecosystems (e.g., Balmer & Erhardt, 2000; Baur et al., 2006; Kulfan et al., 2012) in Central European farmland, recently affected by agricultural intensification.
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